In contact lens practice, it is rare to have to correct for residual astigmatism which is oblique with respect to the principal meridians of the cornea. This paper outlines the contact lens management of a patient with Marfan syndrome who had significant oblique residual astigmatism in one eye due to significant lens subluxation. The patient was successfully fitted with an oblique bitoric rigid contact lens. a
CASE REPORT
A 25-year-old female patient was referred to the practice of the authors (RGL and RL) for contact lens fitting of high myopic astigmatism, which was largely due to significant lens subluxation associated with Marfan syndrome. The patient reported that over the previous 12 months there had been a significant reduction in her vision with spectacles, especially in her left eye.
Her ocular history was notable for having been diagnosed with Marfan syndrome when she was three years old, at which time she also commenced wearing a spectacle correction, and there was no significant familial ocular history.
Slitlamp examination showed the patient to have significant superonasal subluxation of her lenses in both eyes. The lens subluxation in the right eye was only mild, while in the left eye it was far more marked. Visual acuities were R 6/12, L 6/24 with a manifest spectacle refraction (at a vertex distance of 12 mm) of R −6.00/−4.25 × 28, L −8.00/−4.00 × 134. The ocular refraction (when rounded down to the nearest 0.25 D) was subsequently calculated to be R −5.50/−3.50 × 28, L −7.25/−3.25 × 134.
Videokeratoscopy with the E300 Corneal Topographer (Medmont Pty Ltd, Nunawading, Australia) revealed the patient to have a significant degree of regular withthe-rule astigmatism in both eyes, with this astigmatism being slightly greater in the right eye (Figures 1 and 2 Note that the term 'residual astigmatism' can be defined in various ways, most commonly as the component of the ocular astigmatism that is not due to the cornea. For the purpose of this paper, and more appropriately in the context of rigid lens fitting, the authors will adopt the definition proposed by Lindsay that residual astigmatism is the astigmatic component of a lens required to correct fully an eye wearing a spherical powered rigid contact lens with a spherical back optic zone radius. This contact lens demonstrated excellent centration and one millimetre of movement on the eye as well as good alignment with the cornea. Visual acuity with the contact lens was R 6/7.5 + . Note the toroidal back optic zone for both eyes was chosen such that both the flatter and steeper radius were approximately aligned with the corresponding corneal radii. Calculation of the toric back vertex power was done using basic rigid lens optics and tear lens formulae. Readers who need to refresh their memory of how this is done are referred to the book chapters by Charman 3 and Lindsay. In contrast to the right eye, a diagnostic rigid contact lens fitting revealed the left eye to have a significant degree of residual astigmatism. A diagnostic rigid lens with a BOZR of 8.40 mm and BVP of −12.00 D was placed on the left eye and a spherocylindrical overrefraction of +2.75/−3.00 × 110 gave visual acuity of L 6/9.5 + . Note that not only was a In regard to rigid lenses, for this paper the authors will adopt the convention proposed by Efron 1 that 'rigid lenses' will refer to all lenses made from rigid gas-permeable materials. The term 'rigid gas-permeable' will not be used because the adjective 'gas-permeable' is effectively redundant; virtually all rigid lenses today are made of gas-permeable materials. there significant residual astigmatism in this eye, but this residual astigmatism was oblique, that is, not perpendicularly disposed, to the principal meridians of the cornea. It is important to understand here that while the axis of the residual astigmatism (110) would normally denote this astigmatism to be against-the-rule rather than oblique, this residual astigmatism was oblique with respect to the principal meridians of the cornea (71 and 161).
Based on these clinical findings, it was determined that an oblique bitoric rigid lens would be the best option for the left eye. Oblique bitoric lenses have a toroidal front and back surface; however, the principal meridians of the toroidal back and front surfaces are not parallel. 2 The design, specification and manufacture of these lenses are very difficult. 2, 4 One solution is to design a diagnostic back surface toric rigid lens which has a toroidal back optic zone, with the appropriate back optic zone radii based on corneal curvature, and a spherical front surface. A refraction is performed over the appropriate trial lens and then this oblique cylinder obtained from this refraction is incorporated onto the front surface of the lens. Note that the cylindrical component of this over-refraction was different from that which was obtained in the over-refraction over the spherical rigid trial lens. This is due to the fact that a back surface toric lens is classed as a cylindrical power equivalent toric lens as it effectively incorporates a cylindrical correction on the front surface which cancels out the induced astigmatism, leaving the front surface spherical. 2, 5 The contact lens laboratory then made the final lens by incorporating this oblique cylinder onto the front surface of a back surface toric rigid lens which incorporated the same parameters as the diagnostic lens used for the fitting. Most importantly, the laboratory was advised that the axes of the principal meridians of the cornea were 71 and 161 so that the oblique cylinder could be ground onto the front surface with the appropriate axis (115) allowing for where the lens was sitting (locating) on the eye. When the finished lens was placed on the eye, it provided the patient with visual acuity of L 6/7.5 − and the spherocylindrical over-refraction was negligible.
DISCUSSION
Marfan syndrome is classified as a heritable disorder of connective tissue. 6 It is characterised by systemic and ocular features due to mutations in the fibrillin gene. 7 Systemic features include arachnodactyly (long, thin fingers and toes), generalised relaxation of ligaments, muscular under-development, abnormalities of the heart with sometimes associated aortic aneurysm, and higharched palate. 6 Ocular features include bilateral subluxation of the crystalline lens (with the lens displacement usually being superiorly and nasally), axial myopia, glaucoma (due to anomalies in the anterior chamber angle), flat corneae, retinal detachment and 
© 2017 Optometry Australia astigmatism. 7, 8 Cataracts can also frequently develop in the subluxated lenses. 7, 8 Surgery (lensectomy) becomes necessary when vision is significantly degraded as a result of marked lens subluxation or pronounced cataract; however, it should be noted that this surgery has a less favourable prognosis than routine cataract surgery and there is an increased risk of retinal detachment due to the associated axial (high) myopia. 8 Residual astigmatism is not unusual in clinical practice and it can be posterior corneal, lenticular or due to other causes such as tilted disc syndrome. 9, 10 It has been shown in normal eyes that residual astigmatism is usually regular, predominantly against-the-rule and most commonly within AE20 degrees of being perpendicularly disposed relative to the corneal astigmatic power.
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In Marfan syndrome, subluxation of the lens produces irregular astigmatism in accordance with its resultant position in the eye. 8 The relative high degree of astigmatism also occurs as a result of the optics through the tilted edge of the subluxated lens. 12 Consequently, it is not unusual for a patient with Marfan syndrome to have some degree of residual astigmatism and for it be irregular or at the very least oblique with respect to the principal meridians of the cornea.
Oblique bitoric lenses are difficult both to design and manufacture 4 and therefore they are rarely prescribed. An extensive search of the ophthalmic literature reveals no previous case report or paper on this topic and this was only the second time the first author had seen the clinical indication for this type of lens in more than 30 years of optometric practice. The main problem with designing and specifying this type of lens results from the combination of the induced astigmatism (the astigmatic effect created in the contact lens/tear lens system by the toroidal back optic zone bonding two surfaces of different refractive index, namely the lens and the tears) and the oblique residual astigmatism (which is oblique to the principal meridians of the cornea and therefore also the induced astigmatism) on the front surface of the lens. 2 Due to the difference in refractive index between the tears and the lens, a toroidal back surface contact lens over-corrects the corneal astigmatism, giving rise to the induced astigmatism. 2 While it can be argued in this situation that determining the total front surface astigmatism just requires the resolving of obliquely crossed cylinders, which is usually best done by matrix optics, 13-15 the problem here is that specification of the contact lens toric back vertex power then becomes very difficult due to the fact that the principal meridians of the back surface and the front surface of the lens are no longer the same.
A good solution for this clinical dilemma, as was done in this case, is to design a diagnostic back surface toric rigid lens which has a toroidal back optic zone (with the appropriate back optic zone radii based on corneal curvature of the patient) and a spherical front surface. Creating a back surface toric lens requires not correcting for the induced astigmatism on the front surface of the lens, meaning that the back vertex powers of the toric lens need to be adjusted so that the front surface is spherical. In effect, this is done by incorporating a cylindrical correction into the lens which cancels out the induced astigmatism on the front surface. 2 A spherocylindrical refraction is performed over this diagnostic back surface toric lens and then the oblique cylinder obtained from this refraction is incorporated onto the front surface of the lens. Using a back surface toric rigid lens for the fitting also enables the contact lens practitioner to confirm that the toric back optic zone radii are aligning along the principal meridians of the cornea.
Note that in this situation, the contact lens laboratory will generally make a new lens, with the appropriate oblique cylinder placed on the front surface of a back surface toric lens with the same specifications as the diagnostic lens, rather than grinding the oblique cylinder onto the front surface of the existing diagnostic lens. If so, the diagnostic lens must be made of the same gas-permeable material as the final lens, or at the very least, have the same refractive index, as a change in refractive index between the two lenses will cause a difference in the degree of the induced astigmatism and therefore an error in the amount of cylinder that needs to be placed on the front surface of the lens.
In this case, the other possible forms of contact lens management for the left eye included a toric soft contact lens, a front surface toric rigid contact lens and a piggyback contact lens system incorporating a disposable toric contact lens worn beneath a spherical rigid contact lens. The toric soft contact could have been either a custommade toric soft lens or a disposable toric soft lens (as the 3.25 D of cylinder that was present in the ocular refraction can now also be corrected by the latter). Either way, a toric soft contact lens was considered a poor option for the left eye of this patient due to the combination of the magnitude and the irregularity of the astigmatism (both due to the lens subluxation). 2, 8 A front surface toric rigid contact lens was definitely an option for the left eye. These lenses are indicated when there is significant residual astigmatism; however, the patient is fitted well with a rigid contact lens utilising a spherical back optic zone. 2 Such a lens therefore requires a toroidal front surface and lens rotation must be avoided, otherwise visual disturbance will result. Consequently, rigid lenses with a spherical back optic zone and a toroidal front surface (front surface toric lenses) will generally incorporate some form of lens stabilisation, such as prism ballast or truncation. 2 Using a front surface toric rigid lens in this case would certainly have obviated the need for the oblique bitoric lens and the subsequent difficulties in lens design and manufacture brought on by the combination of the toroidal back surface, the induced astigmatism and the oblique residual astigmatism. Designing a front surface toric rigid lens for the left eye would have simply involved choosing a spherical BOZR that was slightly steeper than the flattest keratometry reading, 4 or 'simulated keratometry' reading if using videokeratoscopy, and then incorporating the cylinder that was obtained with the spherocylindrical refraction over the spherical diagnostic rigid lens onto the front surface of the lens.
The decision not to use a front surface toric rigid lens in this case was based on the belief that a lens with a spherical back surface curve would not provide an optimal fit for the patient due to the relatively high degree of corneal astigmatism (almost 2.75 D). Potential problems with using a spherical BOZR on such a highly toroidal cornea include poor lens centration or excessive lens movement, excessive lens flexure, harsh bearing along the flatter (horizontal) corneal meridian with subsequent three and nine o'clock staining and marked corneal distortion on removal of the spherical lens from the eye (due to poor alignment between the spherical back surface of the lens and the toric cornea). 2 The other option for the patient's left eye would have been to use a piggyback contact lens system. 16 This system consists of a soft contact lens (usually a disposable silicone hydrogel lens) worn underneath a rigid lens. 17 There are advantages in using a piggyback contact lens system for this type of clinical scenario. First, the correction for the residual astigmatism could be incorporated into a toric soft lens so the rigid lens could be spherical and therefore not require any of the lens stabilisation features of a front surface toric rigid lens that may make the lens less comfortable on the eye. Second, placing a soft lens under the rigid lens also helps to protect the cornea from any excessive lens bearing, thereby making it feasible to use a front surface toric lens with a spherical back surface curve in this situation despite the high degree of corneal astigmatism, therefore removing the need for all the complexities associated with using a toroidal back surface when there is significant oblique residual astigmatism. Note that this latter option was not used in this case as it would have required the high degree of residual astigmatism (3.00 D) to be placed on the front surface of the rigid lens which would have potentially made the vision quite unstable, even with the appropriate lens stabilisation measures such as prism ballast. The main disadvantage of using the piggyback system is the cumbersome requirement of having to put two lenses onto the eye rather than just one. This consideration was the major factor in choosing to use an oblique bitoric contact lens, despite the intricacies in the design and manufacture, rather than the piggyback contact lens system for this patient. It has also been shown that the effective power expected for a soft lens under a rigid lens in a piggyback system will be only approximately 20 per cent of the original (actual) power. 18 This can make it difficult to design such a system, although there have been cases reported where the fitting of a piggyback contact lens system incorporating a toric soft lens worn beneath a spherical rigid contact lens has been successful. 19 The only other worry about this option was the question of whether the oxygen transmissibility (Dk/t) through a piggyback contact lens system can reach the level required to avoid hypoxic stress to the cornea during daily wear. 20 This is probably not a major issue as Weissman and Ye have calculated that under open-eye conditions, the oxygen supply to the cornea is sufficient when both rigid and soft lenses have been manufactured from materials that have oxygen permeabilities (Dk) greater than 60 Barrer. 21 Note that if a piggyback system had been used in this case, the thicker toric soft lens would have had a lower oxygen transmissibility than a spherical lens with a power equal to the spherical equivalent of the toric lens; however, given the very high Dk of the currently available rigid and soft lens materials, 22, 23 it would be expected that the piggyback system would still meet the Holden-Mertz criterion for daily wear. 20 
CONCLUSION
This paper outlines the contact lens management of a patient with Marfan syndrome who had significant oblique residual astigmatism in one eye due to significant lens subluxation. The patient was successfully fitted with an oblique bitoric rigid contact lens. This lens was designed by incorporating the oblique cylinder obtained in a refraction over a back surface toric lens onto the front surface of this lens.
